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(57) ABSTRACT

A reinforced elastomeric element for a packer 1s disclosed.
The elastomeric element 1s formed of a base layer, a rein-
forcing layer, and a top layer superimposed over the rein-
forcing layer to create a reinforced elastomeric element. The
reinforcing layer can include instrumentation such as
cabling or other devices to communicate through the elas-
tomeric element.
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ARCHITECTURE AND METHOD FOR
FABRICATING REINFORCED PACKER
ELEMENTS

BACKGROUND

Hydrocarbon fluids such as o1l and natural gas are
obtained from a subterranean geologic formation, referred to
as a reservoir, by drlling a well that penetrates the hydro-
carbon-bearing formation. Once a wellbore 1s drilled, vari-
ous forms of well completion components may be installed
in order to control and enhance the efliciency of producing
the various fluids from the reservoir. One piece of equipment
which may be installed 1s a packer that, when set, provides
mechanical support and seals for other downhole tools.
Some packers have elastomeric elements that are enlarged to
{111 the well and provide support.

SUMMARY

According to some embodiments of the present disclo-
sure, an elastomeric element for a packer 1s disclosed. The
clastomeric element includes a base layer made of an
clastomeric material and a reinforcing layer having reinforc-
ing fibers. The reinforcing layer 1s superimposed upon the
base layer. The elastomeric element also includes a top layer
made ol an elastomeric material superimposed upon the
reinforcing layer and bonded to the base layer through the
reinforcing layer.

In further embodiments, the present disclosure 1s directed
to a method of manufacturing an elastomeric element for a
packer. The method includes forming a base layer of elas-
tomeric material, with the base layer having an outer sur-
tace. The elastomeric material 1s deformed under pressure to
set the packer 1n a well. The method also includes disposing
a reinforcing layer over a portion of the outer surface of the
base layer. The reinforcing layer has higher mechanical
strength than the base layer. The method continues by
positioning a top layer over the remnforcing layer, and
bonding the base layer, remnforcing layer, and top layer
together.

In yet other embodiments, the present disclosure 1s
directed to a method of manufacturing a packer including
coating a reinforced fabric material with a first elastomeric
compound to form a coated reinforced fabric layer, and
forming a base layer for an elastomeric packer element of a
second elastomeric compound. The first elastomeric com-
pound 1s configured to bond with the second elastomeric
compound. The method also includes shaping the base layer
into a cylindrical shape suitable for the packer, mounting the
base layer to a mandrel, and wrapping the coated remforced
tabric layer around the base layer such that the reinforced
tabric layer bonds with the base layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the disclosure will hereafter be
described with reference to the accompanying drawings,
wherein like reference numerals denote like elements. It
should be understood, however, that the accompanying
drawings 1illustrate only the wvarious mplementations
described herein and are not meant to limit the scope of
various technologies described herein. The drawings show
and describe various embodiments of the current disclosure.

FIG. 1 shows a top and side view of an elastomeric
clement for a packer according to embodiments of the
present disclosure.
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2

FIG. 2 shows an expanded view of a portion of the
clastomeric element according to embodiments of the pres-

ent disclosure.

FIG. 3 1llustrates a mechanism for calendaring an elasto-
meric compound onto a reinforced fiber fabric sheet accord-
ing to embodiments of the present disclosure.

FIG. 4A shows an embedded remforcing layer according
to embodiments of the present disclosure.

FIG. 4B shows an end view of the embedded elastomeric
clement.

FIG. 5 shows a cross-sectional view of a mandrel and
clastomeric element having a reinforced section according to
embodiments of the present disclosure.

DETAILED DESCRIPTION

In the following description, numerous details are set
forth to provide an understanding of the present disclosure.
However, it will be understood by those skilled 1n the art that
the embodiments of the present disclosure may be practiced
without these details and that numerous variations or modi-
fications from the described embodiments may be possible.

FIG. 1 1s a top and side view of an elastomeric element 10
for a packer according to embodiments of the present
disclosure. The elastomeric element 1s cylindrical and hol-
low, having an mner surface 12 and an outer surface 14. The
clement 1s made up of a base layer 16 and a reinforcing layer
18. The reinforcing layer 18 1s embedded within the base
layer 16 and provides additional strength to the element 10.
The side view shows embodiments 1n which the reinforcing
layer 18 includes a fabric material having fibers 20 to
provide the additional strength. The fibers can be Kevlar,
polyamide, steel, or any other suitable material.

When the packer is set, the element 10 expands either
under mechanical stress or by swelling forces to engage a
casing or the open hole. The elastomeric element 10 anchors
the packer to the well and as such experiences differential
pressure across the packer after setting. If the pressure 1s
high enough, the elastomeric element can tend to extrude
toward the low-pressure side of the packer, potentially
compromising seal strength. The reinforcing layer 18 muiti-
gates extrusion by giving the element 10 additional strength.

FIG. 2 shows an expanded view of a portion of the
clastomeric element 10 according to embodiments of the
present disclosure. The element 10 can be formed from
segments of material such as that depicted 1n FIG. 2. The
base layer 16 1s formed, then the reinforcing layer 18 1s
superimposed on the base layer 16, after which a top layer
22 1s superimposed over the reinforcing layer 18. The top
layer 22 bonds with the base layer 16 through the fabric,
forming a unitary body.

FIG. 3 1llustrates a mechanism for calendaring an elasto-
meric compound onto a reinforced fiber fabric sheet accord-
ing to embodiments of the present disclosure. The reinforc-
ing layer 18 can be formed of a sheet of material that 1s fed
through a calendaring machine which coats a quantity of
clastomeric compound 24 to one or both sides of the
reinforcing layer 18 using rollers 26. FIG. 3 shows an
embodiment where both sides are coated. The elastomeric
compound 24 can be 1dentical to the material from which the
base layer 16 (FIGS. 1 and 2) 1s made, or from another
material suitable for bonding to the base layer 16. The base
layer 16 can be formed to an appropriate shape such as the
cylindrical shape shown 1n FIG. 1. The coated reinforcing
layer can then be wrapped around the base layer 16 to form
a “green’” element ready for final curing. The combination of
reinforcing layer and base layer provides an elastomeric
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clement having a higher strength and resistance to extrusion

and other potentially damaging conditions in the well,

without sacrificing the element’s ability to expand to set.
FIG. 4A shows an embedded reinforcing layer according,

4

an instrument between the base layer and the top layer, the
instrument being bonded to one side of the reinforcing
layer.

2. The elastomeric element of claim 1 wherein the rein-

to embodiments of the present disclosure. FIG. 4B shows an 5 forcing fibers comprise at least one of Kevlar, steel, or

end view of the embedded elastomeric element. The rein-
forcing layer 18 has cables 30 extending from top to bottom
of the remnforcing layer. The cables 30 can be electrical
communication lines, hydraulic lines, or any other suitable
communication line. An mstrument 32 can also be implanted
into the reinforcing layer 18. The cables 30 and/or instru-
ment 32 can be woven 1nto the reinforcing layer 18, bonded
to one side of the reinforcing layer 18, or otherwise super-
imposed adjacent the reinforcing layer 18.

FIG. 5 shows a cross-sectional view of a mandrel 42 and
clastomeric element 10 having reinforced end portions 38
and 40 according to embodiments of the present disclosure.
The mandrel 42 1s the support structure for the elastomeric
clement 10 and 1s shown here 1n a simplified form. The
mandrel 42 can have additional features and shapes that are
not shown in FIG. 5. The end portions 38 and 40 of the
clastomeric element 10 are reinforced with a layer of rein-
forcing material as disclosed herein. The mid portion 36 can
be reinforced as the end portions 38 and 40 are, 1t can be
made without reinforcement, or it can be made with a
reinforcement different from that of the end portions 38 and
40. The end portions 38 and 40 can be reinforced differently.
In many applications there 1s a pressure diflerential above
and below the packer. The high pressure side can be above
or below the packer. For purposes of explanation the lower
side of this packer 1s the high-pressure side. The end portion
40 nearer the high-pressure side can be reinforced with a
stronger material than the low-pressure side. The mid por-
tion 36 can be reinforced more strongly near the high-
pressure side to mitigate extrusion and other deformation
caused by the pressure.

In the specification and appended claims: the terms “con-
nect”, “connection”, “connected”, “in connection with”, and
“connecting’” are used to mean “in direct connection with”
or “in connection with via one or more elements’; and the
term “set” 1s used to mean “one element” or “more than one
clement”. Further, the terms “couple”, “coupling”,
“coupled”, “coupled together”, and “coupled with’ are used
to mean “directly coupled together” or “coupled together via
one or more elements”. As used herein, the terms “up” and
“down”, “upper” and “lower”, “upwardly” and down-
wardly”, “upstream” and “downstream™; “above” and
“below”; and other like terms indicating relative positions
above or below a given point or element are used 1n this
description to more clearly describe some embodiments of
the disclosure.

While the present disclosure has been disclosed with
respect to a limited number of embodiments, those skilled in
the art, having the benefit of this disclosure, will appreciate
numerous modifications and variations there from. It 1s
intended that the appended claims cover such modifications
and vanations as fall within the true spirit and scope of the
invention.

What 1s claimed 1s:

1. An elastomeric element for a packer, comprising:

a base layer made of an elastomeric material;

a reinforcing layer comprising a fabric material having
reinforcing fibers, the reinforcing layer being superim-
posed upon the base layer;

a top layer made of an elastomeric material superimposed
upon the remnforcing layer and bonded to the base layer
through the reinforcing layer; and
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Polyimide fibers.

3. The elastomeric element of claim 1 wherein the top
layer and reinforcing layer are of similar thickness and the
base layer 1s thicker than the top layer and the reinforcing
layer.

4. The clastomeric element of claim 1 wherein the elas-
tomeric element has an anti-extrusion region at an axial end
of the element, and wherein the reinforcing layer covers the
anti-extrusion region.

5. The elastomeric element of claim 1 wherein the 1nstru-
ment comprises at least one of a strain gauge, temperature
sensor, pressure sensor, or chemical sensor.

6. The elastomeric element of claim 1, further comprising
a communication conduit between the top layer and the base
layer, wherein the communication conduit 1s configured to
communicate through at least a portion of the packer.

7. The elastomeric element of claim 6 wherein the com-
munication conduit comprises at least one of an electrical
conduit or a hydraulic conduait.

8. The elastomeric element of claim 1, further comprising
a packer and a mandrel.

9. A method of manufacturing an elastomeric element for
a packer, the method comprising:

forming a base layer of elastomeric material, the base

layer having an outer surface, wherein the elastomeric
material 1s configured to be deformed under pressure to
set the packer 1n a well;

disposing a reinforcing layer over a portion of the outer

surface of the base layer, wherein the reinforcing layer
has higher mechanical strength than the base layer, and
wherein the reinforcing layer comprises a fibrous layer;
positioning a top layer over the reinforcing layer;
embedding an mmstrument between the base layer and the
top layer such that the mstrument 1s bonded to one side
of the reinforcing layer; and

bonding the base layer, reinforcing layer, and top layer

together.

10. The method of claim 9 wherein the fibrous layer of the
reinforcing layer 1s made of at least one of Kevlar, steel, or
Polyamide.

11. The method of claim 9 wherein the elastomeric
clement has a top end and a bottom end, and wherein
disposing the reinforcing layer comprises covering at least a
portion of the top end and bottom end.

12. The method of claim 9 wherein disposing the rein-
forcing layer comprises disposing a first reinforcing layer
over a first portion of the base layer, the method further
comprising disposing a second remnforcing layer over a
second portion of the base layer, wherein the first and second
reinforcing layers have diflerent mechanical properties.

13. The method of claim 9 wherein the base layer and top
layer are formed of 1dentical matenals.

14. The method of claim 9 wherein disposing the rein-
forcing layer and positioning a top layer over the reinforcing
layer comprise calendaring the base layer, reinforcing layer,
and top layer together.

15. The method of claim 9, further comprising embedding
a communication conduit through the elastomeric element.

16. A method of manufacturing a packer, comprising:

coating a reinforced fabric material with a first elasto-

meric compound to form a coated remnforced fabric
layer;




US 10,358,889 B2
S

forming a base layer for an elastomeric packer element of
a second elastomeric compound, wherein the first elas-
tomeric compound 1s configured to bond with the
second elastomeric compound;

shaping the base layer into a cylindrical shape suitable for 5

the packer;
mounting the base layer to a mandrel;
wrapping the coated reinforced fabric layer around the
base layer such that the reinforced fabric layer bonds
with the base layer; and 10

bonding an instrument to one side of the coated reinforced
fabric layer.

17. The method of claim 16, further comprising embed-
ding a communication line into the reimnforced fabric mate-
rial. 15

18. The method of claim 17 wherein the communication
line comprises at least one of an electrical line and a
hydraulic line.
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